]. We also demonstrate the effect of including longitudinal stiffness along the BM and conclude that it is useful in matching the high-frequency slope as measured by Rhode.
BM
The model equations we have been investigating are formally the same as discussed in Allen (1977a) . We assume'that the cochlea may be modeled as a two-dimensional rectangular chamber (Fig. 1) filled with an inviscid, incompressible fluid and separated by a homogeneous anisotropic, tapered plate (see Sec. III).
The upper and side walls are assumed to be rigid. At the stapes/round window end x-0, we assume a uniform velocity, piston source (as the stapes move in, the round window moves out by an equal amount.)
The early cochlear modeling work of Helmholtz ignored fluid coupling, treating the cochlea as a homogeneous, anisotropic tapered membrane. In the late forties, transmission line models were developed in an attempt to approximately account for fluid coupling (Zwislocki, 1948) . While these models captured the tually very important, they are not quantitatively accurate enough to make detailed comparisons with measurements (Sondhi, 1978) . The transmission line models describe the cochlea as a spatially varying transmission line. In these models it is difficult to accurately assess the meaning of various parameters such as chamber depth, BM width, or BM mechanical properties since they do not •explicitly appear in the equations. As a result one must be very careful when using this class of models.
I. FLUID MECHANICS OF THE COCHLEA
In the modern models, fluid motion in the cochlea is described independently from the mechanics of the basilar membrane by the use of Green's functions (Allen, 1977a Hall, 1974; Hall, 1978 ), it appears desirable to attempt to incorporate nonlinear (signal dependent) BM properties (e.g., damping) into the fluid mechanical models. This is best achieved with a time domain description of BM motion (rather than using frequency domain methods which rely heavily on linear superposition concepts).
Our first attempt at improved time-domain models was to use the differential equation approximation of Sondhi (1978) . However, a time-domain formulation of these equations in a form suitable for computer implementation, while feasible, appears to be quite difficult, and to date, we have not had success with this approach. In reviewing the possible time domain methods at our disposal we discovered that the original integral equation could be solved directly in the time domain in an extremely efficient manner by the use of the fast Fourier transform (FFT).
II. A TIME DOMAIN INTEGRAL EQUATION
In this section we shall review the basic model mentioned earlier.
We shall then show that the resulting integral equation may be written as a circular convolution. • As discussed first by Lien (1973), and developed further by Allen (1977a) , scala pressure p(x, t) and BM velocity v(x, t) are related through the integral relation
where p is the fluid density, L the length of the cochlea, G the Green's function, u(t) the stapes velocity, and or_ ot at •. , 
where F has real-odd harmonic symmetry. These properties follow from the representation of G in terms of images (Allen, 1977a), as well as from the representation in terms of Jacobian elliptic functions (Sondhi, 1978) . where k is the space variable and n is the time variable.
• computing the terms •,, and •,,,,, boundary conditions (BC) are necessary at x = 0 and x = L, the stapes and helicotrema.
Since we assume that D, is small, the actual BC's used are probably unimportant. We have used the condition that •,,,, and •,, are zero in the neighborhoods of x = 0 and x =L. Periodic bo•dary conditions would be the natural choice, but for computational reasons these conditions were not used here.
• 
